Abstract: Quaternary chalcogenide semiconductor has attracted much attention as absorber-layer materials in solar cells. The absorber-layer material, Cu 2 ZnSnSe 4 (CZTSe) which is a p-type semiconductor that has high absorption coefficient, had been synthesized by using solvothermal method. The variation of concentrations of the Copper (II) Chloride dihydrate have brought some effects towards producing the stoichiometry and non-stoichiometry copper zinc tin selenide that may lead to the improvement of efficiency of solar cells. The synthesized reaction was conducted at 250 o C for 24 hours. Properties of the samples have been characterized by X-ray diffraction (XRD) to determine the crystal structure of the sample and X-ray Fluorescence (XRF) to determine the elemental composition of the sample. The electrical properties such as resistance and conductivity have been studied through Van der Pauw configuration. The CZTSe has been successfully synthesized at concentrations of 0.15 M with no impurities phases existed.
Introduction
Previously, many research have been reported about the synthesizing of Cu 2 -II-IV-VI 4 quaternary semiconductor such as Cu 2 ZnSnS 4 (CZTS), Cu 2 ZnGeSe 4 and Cu 2 CdSnSe 4 (CCTSe) and Cu 2 InGaSe 4 (CIGS) [1] . All these materials have been investigated due to its light-absorbing properties for solar cells absorber layer. By replacing the Indium with Zinc and Galium with Tin, Cu 2 ZnSnSe 4 (CZTSe) has been formed to achieve reasonable price and low toxicity [1] . CZTSe has shown some potential characteristics such as p-type semiconductor with optical band gap within 1.0 eV to 1.5 eV and an absorption coefficient exceeding 10 4 cm -1 [2, 3] . Increasing concentrations will produce more free carrier concentrations, decrease the band gap and the absorption coefficient and increase the conductivity. Various techniques such as solid state reaction [3] , co-evaporation or thermal evaporation [4, 5] , RF magnetron sputtering [6] and pulsed laser ablation [1] have been developed to synthesize CZTSe. Various parameters such as reaction time, temperature, RF power, effect of material precursors have been studied in order to produce a better efficiency, cheaper and environmental friendly CZTSe. Hence, solvothermal has been introduced in CZTSe preparation due to its convenient handling, inexpensive equipments and controllable uniform particles size and regular morphology [7] . There are few coordinating solvents that can be used during the solvothermal synthesis such as ethylenediamine, triethylenetetramine, ethylene glycol, oleylamine and oleic acid. Different solvents will lead to different reactivity of the reaction that may help to improve the chemical coordination. Capping agents or surfactant agents such as Cetyltrimethylammonium Bromide (CTAB) or Sodium dodecyl sulfate (SDS) are used to control the particle size. In this study, the effect of copper concentrations in producing CZTSe has been investigated. Ethylenediamine (En or EDA) was added which act as reaction solvent to bring all the elements together to react.
Experimental
A fixed amount of elemental selenium metal powder (HmbG 99.5%) was weighted in a beaker. 30 ml of ethylenediamine was poured into the beaker that contained selenium powder and then stirred for two hours. Copper (II) chloride dihydrate (HmbG chemicals 99.0%), zinc acetate dihydrate (HmbG 99.102%), tin (IV) chloride pentahydrate (Sigma Adrich 98%) and CTAB (BDH 99%) were weighted and poured into the mixture. Blue color mixture was observed. The mixture was continuously stirred for another one hour and poured into the Teflon-lined stainless steel autoclave of 45 ml capacity. The synthesized reaction was maintained at 250˚C for 24 hours. The dark precipitates were centrifuged and washed several times with distilled water. After that, the precipitates were dried in an oven at 70˚C for 24 hours. The final dark products were grinded and collected for further characterization. The crystal structure and phase identification of the products were determined by Panalytical X'Pert Pro PW3040 MPD X-ray Diffractometer (XRD) using Cu-Kα radiation (λ = 0.15406 nm) in the range of 20˚ to 80˚. The elemental compositions of the products were characterized using X-ray fluorescence (XRF) (SHIMADZU EDX-720/800HS). For the electrical properties measurements, four point probe method elaborated by Van der Pauw was used to measure the conductivity and resistance of the pellet samples. Indium has been used as contact.
Result and Discussions
CZTSe has been successfully synthesized with various copper (II) chloride dihydrate concentrations. Figure 1 Based on the results of XRD, we found that the optimum concentration of copper (II) chloride dihydrate to prepare CZTSe is at 0.15 M since it shows no other impurities in the XRD spectrum. In another words, copper ions at 0.15 M has reacted completely to form a pure phase of CZTSe. Others copper (II) chloride dihydrate molarity formed impurities such as Cu 3 Se 2 , ZnSnO 3 , SnSe, Cu 3 Sn, CuSeO 4 , Se and SnO 2 . The excess of copper ions will tends to react with either zinc ions, tin ions or selenium ions which form binary or ternary compounds.
The elemental composition of CZTSe is shown in Table 1 . From the XRF results, the elemental composition of the synthesized samples at 0.15 M and 0.10 M of copper concentration has the nearest stoichiometry of CZTSe as compared to the ideal stoichiometry 2:1:1:4 [1] .
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Main Tendencies in Applied Materials Science For the electrical measurements, four point probe method with Van der Pauw arrangement has been conducted to test the electrical properties of CZTSe at room temperature. Figure 2 shows the graph of voltage versus current for various copper (II) chloride dihydrate concentrations. Straight line graph has been observed through the Van der Pauw measurement for every copper concentration. The straight line of the graph indicates that ohmic contact has been achieved where Ohm's law is obeyed for all samples. Current is directly proportional to the potential difference provided that the resistance of the conductor is constant [8] . From Ohm's law:
where V is potential difference across the samples, I is the current passing through the sample and R is resistance of the samples. The slope of the graph indicates the resistance of every sample with different copper concentrations. Figure 3 shows the graph of resistance versus copper (II) chloride dihydrate concentration. When copper (II) chloride dihydrate concentration increased, the resistance decreased. Increasing copper concentration means increasing the amount of electrons or ions participating in the reaction passing through the samples and leading to higher conductivity value. Figure 4 shows the conductivity graph with various copper (II) chloride dihydrate concentrations. Based on the graph, when increasing copper (II) chloride dihydrate concentration, the overall conductivity trend is increasing. When certain amounts of copper have reacted completely to form CZTSe, the excess copper ions will react with other elements to form binary or tertiary compounds that may participate in the electrical conduction. We could observe that the conductivity of concentrations 0.10 M, 0.20 M and 0.30 M is due to the impurities formed such as Cu 3 Sn, Cu 3 Se 2 and SnSe in the samples. For 0.05 M, there is small value of conductivity in the samples because fewer amounts of electrons participate in the conduction. The oxide formed in the reaction may reduce the electrical conduction. The electrical resistivity is defined as [8] :
where A is the cross-section of the samples and L is the length or thickness of the samples. The conductivity can be obtained by inversing the resistivity [8] :
where ρ is the resistivity of the samples. 
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Conclusion
Pure phase of CZTSe has been succeessfully synthesized at an optimum condition which is at 0.15M by using solvothermal method. The elemental composition of synthesized CZTSe is close to the ideal composition of 2:1:1:4 as reported in the paper. The effect of increasing copper chloride dihydrate concentrations in synthesizing CZTSe has increased the conductivity of the samples at room temperature.
